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1 Title of the Invention 

Method and arrangement in Self-Organizing Cooperative Network 

2 

2,1 Background Technology 

The Invention relates to wireless communication, and in particular It 
relates to a relaying deployment in a cellular system. 

A dvan c ed antennas and spatial coding: Methods to enhance system 
performance In a cellular Is very active research area. One such method 
Is to employ multiple antennas at the basestations (BSs), and thereby 
provide valuable diversity gains that mitigate any channel fluctuations 
imposed by fading. In downlink, (from BS to a mobile stations (MS)) so 
called transmit diversity can be employed and in uplink, (form MS to BS) 
roceiv/er diversity can be used. Of course, the MS may also be equipped 
with multiple antennas, but a MS is generally space limited (which 
inherently limits the number of antennas at the MS) and therefore the BS 
solution is often to prefer Many well known schemes exist both for 
receiver and transmitter diversity. For receiver diversity, selection 
diversity, maximum ratio combining or interference rejection combining 
may be used. For the newer transmit diversity area, delay diversity, 
Alamouti diversity, Coherent combining based diversity are possible 
options. 

Transmit diversity, and in particular Alamouti diversity, belongs to a class 
or coding schemes, that are often denoted space-time coding (STC). In 
STC schemes, it is generally assumed that the transmitter has multiple 
antennas and the receiver have only one or alternatively multiple 
antennas, Any transmitted signal Is then encoded over the multiple 
transmit antennas and sometimes also in time. With multiple antennas at 
both transmitter and receiver side, the channel Is often denoted a Multiple 
Input Multiple Output channel (MIMO). A MIMO channel can be used 
mainly for two reasons, either for diversity enhancements, i.e. providing a 
more robust channels under channel fluctuations, or for so called spatial 
multiplexing, i.e. providing a set of parallel and multiplexed MIMO 
subchannels, The benefit of spatial multiplexing fs that extremely high 
spectrum efficiency is achievable. A background on MIMO 
communication Is given in 

Repeaters : Another well-known method Is to deploy repeaters in areas 
where coverage is poor. The basic operation for the repeater is to receive 
a radio signal, amplify it, and retransmit it. Repeaters may use the same 
frequency for reception and transmission, or optionally shift the transmit 
frequency for increased output-input isolation avoiding risk for feedback 
and oscillations, 
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Cgojasiail vB Relaying: (a.k.a, Virtual antenna arrays) Traditionally, the 
repeaters are fairly unintelligent. However, more recently, the idea of 
cooperative relaying with smarter repeaters (or relays) has received 
some Interest. The Idea is that relays can cooperate In forwarding a 
signal from a transmitter to a single receiver (but multiple receivers In 
[691). T ^e cooperation may for instance Involve aspects of coherent 
combining. STC (e.g. Alamouti diversity), and be of regenerative (decode 
and forward data) or non-regenerative (amplify and forward data) nature. 
The number of hops is limited to two hops, I.e. one hop to the relay 
stotion(s) 1 and one hop to the receiving station. 

One special and Interesting type of Cooperative relaying (or virtual 
antenna arrays) is when MIMO Is exploited. This has been studied 
extensively by Dohler et al., e.g. In [57]. 

2.2 Summary of the invention 

Cooperative relaying comprises transmitting, relaying and receiving 
stations. Generally there is at least one relay station, one transmitting 
station and one receive station, but potentially multiple receive and 
transmit stations can be envisioned as well. 

For real system integration of Cooperative relaying it has traditionally 
been assumed that there exists a control mechanism for controlling the 
Involved relay stations, it Is the usere with active sessions that the control 
mechanism operates upon. The purpose of the control mechanism Is to 
manage the network such that the most optimum relays are activated 
and/ or their respective transmit power are optimized in forwarding data 
to the user(s) with an active session. The relay transmissions may also 
respond In other ways depending on feedback to the relay of the link 
quality between the relay and the (mobile) user, such as changing 
complex phase of the forwarded signal for coherent combining purpose 
or by adapting space lime coding operation. The need of control 
obviously arises primarily due to mobility and resulting topology changes. 
The procedure of relay activation and dependency of time Is 
schematically illustrated In Figure 1, where different sets of relay stations 
are activated at time Ti and T*. 
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Figure 1 

Another problem is how to employ session or user cenlrlc control of the 
relays when multiple receivers are present as they may have conflicting 
optimal relay configurations and parameters settings. The optimally may 
differ with respect to which relay Is active, transmit power levels, channel 
assignments, space time coding options and phase adjustment etcetera 
used. The procedure of relay activation and dependency of multiple users 
is schematically Illustrated In Figure 2, where different sets of relay 
stations are activated for each user. 




Figure 2 

The overall control procedure that Is used in state of the art of 
cooperative relaying in a cellular scenario (or similar) requires that control 
messages are exchanged. The problem with this js that the amount of 
control data may be excessive, especially when topology changes 
frequently due to that the mobile user moves fast and has to control the 
relays transmit parameters (e,g, power) or change relays frequently. 
More importantly, even If topology does not change, the changes In radio 
propagation can be considerable and dictate fast power control and 
associated fast control message exchange towards the relays. Other 
parameter that may be adjusted with often depends on cooperation 
scheme, but can for Instance include phase and space time coding 
options. A significant problem }s that It is not clear from the state of the art 
how to handle multiple receive stations with conflicting relay parameter 
settings for the same relay stations. The drawback of the whole notion of 
controlling relays Is that it is utterly complex, it requires a new protocol 
(logically between the relays and the MS) and it consumes radio 
resources (that could be used for sending data). 

: The Invention addresses a special relay architecture that it Is similar to so 

[ : called Cooperative relaying (also referred to as virtual antenna arrays, 

** cooperative diversity, etc.) [16]. The common part is the Idea of 

incorporating aspects of advanced antennas together with relaying. In the 
~ following, the area of advanced antennas fs discussed first, and 

L : subsequently, the state of the art with respect to cooperative relaying is 

considered. 
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Tho Idea is that relay channels are organized In such way that their 
channels ovoriap spatially. This may be organized In a centrally or 
distributed manner. There are two main parts, relay channel selection 
and gain factor selection of forwarded signal. Subsequently, the relays 
operate as simple repeaters (non-regenerative normally, but regenerative 
whenever possible) for some BS, and the relay parameters do not 
change as a response to a single (or multiple) mobile users 
Instantaneous link quality. Each mobile station may make soft 
associations to multiple relays at each time Instance, and while moving, 
continuously updating associations based on e.g. signal quality 
parameters. The Invention allows WIIMO communication schemes, such 
as spatial multiplexing, to be implemented with a single antenna receiver, 
whereas the BS has multiple antennas and multiple relay channels are 
exploited A receiver to transmitter feedback, without passing the relays, 
allow the transmission to be adapted based on instantaneous link 
conditions. The Invention may be used In downlink or in uplink for a 
cellular system. 

Keywords: Multiple relay coverage overlap, Soft association, Cooperative 
MIMO (or IRC/WIRC), 2-hop. Self-organization (or by hand), Non- 
regenerative. Orthogonal channels, (fixed relays). Relay controlled 
Cooperative relay network management. 

3 Detailed description 

3,1 Detailed Technical Description of the Invention 

3.1-1 Overview. 

The most general architecture is given In Figure 3, where both the 
receivers (I.e. users) as well as relays are equipped with multiple 
antennas. Although not shown here, relays may use multiple channels for 
relaying, e.g. one for each receive antenna. A somewhat more simplified 
architecture Is shown in Figure 4, where receivers and relays have single 
antennas. However, the case with a single receiver (user) Is perhaps the 
most likely one. The basic operation Is that the transmitter sends a data 
stream (possibly through trough a weighting matrix U and subsequently 
over multiple transmit antennas). The relays forwards any received signal 
without changing relay transmit parameters such as channel, signal gain 
factor (and optionally any coding). However, the relays may try to decode 
the received signal or in other ways Improve the signal fidelity pnor 
forwarding the signal. The receivers, receives signals forwarded from the 
multiple relays and doing so over different channels. The channelization 
may e.g. be in the frequency or time domain. The receivers may also 
: receive the direct signal from the transmitter channel. 
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After receiving signals, that are sent over multiple channels, the receiver 
processes the signals. Depending on transmit method U9ed, the 
processing block may Involve any combination of combining, joint 
decoding, and multiplexing decoded data. Based on the quality of the 
received signal, the receivers may send feedback to the transmitter. The 
transmitter may based on this feedback respond to changes in various 
transmit parameters, Including antenna weights, modulation(s) and 
coding(s), transmit power. In particular, the transmitter may 
opportunistically decide whom to send data to based on instantaneous 
channel quality conditions. In this manner, valuable multi-user diversity 
gain can be offered In conjunction with the benefits offered by relaying. If 
the transmitter Is silent, e.g. due to that there Is no data to send, 
transmitter associated relays may stop the forwarding. 



Figure 3 
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Figure 5 illustrate how relays can be distributed, here exemplarlly 
attached to lamp poles, and relay resources, such as channel and 
transmit range are organized. It Is seen that relay coverage for the 
substantially orthogonal channels are overlapping. It fs also shown that a 
channel can be reused multiple times within the same cell such as 
channel q In Figure 5. Channels may of course also be spatially reused 
between cells. The relays may be attached not just to lamp poles but also 
to houses, towers, etc. 




Figure S 



The overlapping coverage regions may be organized in different ways as 
shown In Figure 6. A benefit for Case A over case B is that the quality of 
a relay link will generally be better thanks to the proximity of relays. Case 
B, however has the benefit that clusters of relays can be replaced with a 
single relay entity having the same number of antennas. The antennas 
can then be connected by cables, optical fibres or even short-range 
wireless links. 



Topnlo&v B 




;Kfgurc S 

To be more specific, the invention incorporates several functions listed 
;- below which are addressed in subsequent sections. 

o Relay organisation for overlapping coverage regions 

« Soft association to relay channels 

* * 

* Forwarding at the relay 
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• Communication scheme and Decoding at the receiver 

• Receiver to transmitter feedback 



One Important aspect of the whole Idea ts self-organization of relay 
stations. The relays organize themselves such that substantially 
orthogonal channels from different relays overlap spatially. This is mainly 
achieved by selecting a combination of signal gain factor and channel. 
Although signal gain factor Is the main focus in the invention, another 
alternative option is to select relay transmit power. However, If selecting 
transmit power, care must be taken not to distribute noise when the Input 
signal Is weak, or plainly accept that a noisy signal Is forwarded. The self- 
organization can take place when, the network Is initiated, when a new 
node is inserted In the network or a relay node fails. However, the 
transmitter may, based on long term statistics of previous communication 
with users, suggest some actions for the relay to perform, such as 
Increasing the signal gain factor or changing the channel. Note that for 
this option, the relay parameters are not changed in response to ongoing 
sessions to adapt to a specific user It Is rather to be seen as a adaptive 
cell planning operating on a slow time basis. 

The algorithm for self-organization can be constructed In several ways. In 
the following, to basic exemplifying architectures with algorithms that will 
be discussed are a centralized and a distributed version of relay 
parameters organisation, 

Cent ralized operation 

The basic operation is indicated In Figure 7. For simplicity, we assume 
that the whole relay system Is started up at the first time. First the relays 
are initiated, and each relay starts by detecting which relay neighbours 
are available. When doing this, path loss information (and optionally 
position information) can be collected from the neighbouring relays. In a 
next step, the relays report the collected data to a central entity 
responsible for one or more BSs that then determines the relay 
configuration with respect to signal gain factor and channel allocation, 
and also with which BS to receive and to associate with. The relays are 
then updated based on the determined parameters and activated to start 
forwarding signals received from a BS, 

As this solution is centralized, an exhaustive search of relay channels 
could be peTfomned If the number of relays as well as the number of 
channels are not to large. Otherwise, a centralized heuristic dynamic 
channel allocation scheme could be used. Off line computation can be 
used for the centralized case, so complexity is not a major hurdle. If a 
new relay nodes arrives to the network, or a relay node falls, new relay 
configuration parameters can be determined and then set In the relays. 
Hence, the relay neighbour discovery process is something that can 
continuously operate, even when the phase of forwarding is taking place. 
Preferably, the relay-to-relay communication takes place in channels that 
- does pot interfere with user data. . 



3.1,2 



Functions 



3.1.2.1 



Relay organisation for overlapping coverage regions 
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Figure? 

Distrib uted operation 

Another possibility Is to perform a distributed channel and signal gain 
factor allocation scheme. This is by necessity not as good as a 
centralized version, but has the advantage that it does not require any 
reporting of neighbour related information to any central entity. Many 
different algorithms can be envisioned here, but we exemplify the 
distributed case with a fairly simple scheme. After Initiation of the 
systems, relays discover their neighbours (similar to the centralized 
case)> When doing so, path loss can be estimated between the relays. 
Based on the path loss, and signal quality from the transmitter, signal 
gain factors are determined. One rule that could be applied Is that at least 
N Neighbours should be reached but with an upper transmit power 
constraint limiting the possible number of relays. For transmission 
towards a basestation, i>e, cellular UL, the signal gain factor could also be 
. set in response of the link quality to a selected BS. 
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Next, a tentative channel is randomly selected. The setec^ U cfel?ne^ an 
then sent to the N selected relays. Similarly each relay, receives 
Information from adjacent relays on which channels they are using. Each 
relay station examines the set of selected tentative channels and assigns 
a channel reallocation probability corresponding to each channel. If a 
relay sees a relative high frequency selection of a specific channel* I.e. 
relative other channels, "rt will result fn that this channel is assigned a 
higher reallocation probability. The reallocation probabilities (or 
reallocation probability vector) are then distributed to the neighbours. 
When receiving one or more reallocation probability vectors, this guides 
each relay station to randomly give up the old channel. One may also 
include a preferred channel probability vectors to guide the selection of 
the new channel, increasing the probability that a previously unloaded or 
lowly loaded channel Is selected. This continues until an optimization 
criterion is fulfilled or another delimiter such as the number of iterations 
exceeds a maximum threshold. The optimization criteria may e.g. be to 
6lrive to distribute the use of channels such that all channels are used 
more or less equally. One simple method is to try o minimize the 
variance, and if the variance does not change significantly over multiple 
iterations, one stops the iterations. 

Although a probabilistic approach has been used here, one may also 
envision using a more deterministic approach, where a relay recommend 
another relays to move form one channel to another. Moreover, one can 
also envision that transmit power can jointly be assigned together with 
channels In a distributed manner. 

Apart from aforementioned main method, many other well known 
distributed channel allocation methods should be possible to deploy. Note 
that It is not extremely critical If the same channel is used by multiple 
relays, it only means that the SNR increases somewhat In an average 
sonse. With respect to the MIMO scenario, signal processing takes place 
in the receiver, and using the same channel by multiple relays is 
transparent form the receiver point of view. However, from performance 
point of view, it is preferable to use as many of the available channels as 
possible In any given position. 
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3.1 .2.2 Soft association to relay channels 

Another important aspect of the Invention is that a mobile user with an 
active session perform soft receiver internal association to any good relay 
channels while traversing through regions with overlapping relay 
channels. 

The receiver may be limited to use all available channels, and can only 
use a subset of those available. This may be dictated by hardware 
limitations or for power consumption point of view. It is then Important that 
the relay dynamically select those channels that maximize the 
performance at any given moment, In particular, the channels may be 
selected in response to application used! e.g. with respect to BW 
requirements. I fonly two channels are need to fulfil the BW requirement, 
It make little sense two use all available channels. Instead, other users 
may use free channels. The flowchart In Figure 9 illustrates this operation 
from the receiver point of view. 
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3.1 .2.3 Forwarding at the relay 

The relays forwards any signals received from the transmitter. A system 
comprising relay stations may use a threshold criteria for a minimum 
required SNR for forwarding received signal. In this manner, forwarding 
of to noisy signals can be mitigated. 

A transmitter may also signal that no data will be sent, whereby 
forwarding from the relays cease until data is anew transmitted. 

The relay may also incorporate various encoding methods. For instance, 
a signal may be delayed by a random small time, sufficient to Induce 
artificial frequency selectivity (This Is known as delay diversity). Another 
option Is to use apace time coding schemes, such as Alamouti diversity, 
Here we assume that the relay receives two units of data, called part A 
and part B, on which Alamouti transmit diversity encoding Is performed. 
To start with, a relay assumes the rote of one of the antennas In Alamouti 
diversity. If it assumes the role of antenna 1, it transmits part A and a 
conjugated version of part B. If Instead the relay assumes the role of 
antenna 2, it transmits part B first and then a negated and conjugated 
version of part A. Other type of space-time coding methods may also be 
deployed. It should be emphasized that any of the parameters used in 
forwarding does not depend on which user is currently using the signal 
forwarded by the relay. 

3. 1 .2.4 Receiver to transmitter feedback 

As seen in Figure 3 and Figure 4, a receiver (or potentially several 
receivers) can feed back information to the transmitter, so the transmitter 
can adapt its transmit parameters. 

The feedback information can be of different type depending on where 
the link control mechanism resides. If the receiver has significant part of 
the link control, then it may decide a link mode, comprising coding and 
modulation scheme, for the transmitter. It may also decide which transmit 
weights the transmitter shoufd use- The transmit weights are particularly 
relevant for the MIMO case, but can also used in a beamformfng context. 
The receiver may alternatively forward raw channel state information 
(such a? SNRs) to the transmitter, and the transmitter determines which 
transmit parameters (link mode, transmit weights, transmit power etc) to 
use. 

If multiple receivers are concurrently feeding back Information to control 
the communication link, then the transmitter may decide to schedule 
traffic to the Instantaneously *besf receiver or alternatively when multiple 
antennas are available at the transmitter to send to multiple receivers 
concurrently. In particular, the transmitter can respond on user specific 
fading channel fluctuations or interference fluctuations in an opportunistic 
manner. 
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Although BS transmit power could In principle be tuned ft is not tho prime 
parameter to tune, as it would result In fluctuating relay coverage radlus- 
It Is rather so that the signal gain factor Is set under the assumption that 
the 8S uses some transmit power level, yet the relay powers will be 
limited by their maximum transmit power level. However, transmit power 
could occasionally be tuned to manage any direct link used between, e.g. 
a transmitting BS and receiving MS. 

3. 1 .2.5 Communication scheme and Decoding at the receiver 

3.1,2.5.1Communication signal processing 
schemes 

Several signal processing schemes can be employed. Assuming DL, a 
BS with multiple antennas may use MIMO based communication to the 
MS. The benefit of MIMO Is that It can, apart from offering diversity, also 
be tuned to offer spatial multiplexing that In turn yields very high spectral 
efficiency. Alternatively, when the BS only deploys one antenna, the 
communication to a MS degenerates to a SIMO channel. Even so, tine 
receiver may combine the received signals through maximum ratio 
combining (MRC) or Interference rejection combining (IRC). If the relays 
imposes some STC method on the forwarded signals, the receiver may 
need to consider this at the decoding. 

3,1,2.5.2(MIMO) Decoding 

Let's assume that MIMO based communication is considered. The 
transmitter sends a vector T over channel matrix H, where each row 
corresponds to one or more relays using the same relay channel and 
there are as many relay channels as there are rows in the channel matrix. 
Each relay sdds noise, which here corresponds to a noise vector N. Each 
relay subsequently multiplies the useful signal {I.e. a superposition of Iho 
signal vector T) with the predetermined signal gain factor (or ensures that 
the total output power Including signal power and noise power does not 
exceed the maximum power level) is used at the relay. The transmitted 
signal is then attenuated by the path loss between the relay and the 
receiver. The signal gain factor and the attenuation can be combined Into 
a diagonal matrix A. The receiver in turn adds noise vector W to tho 
signal being received from the relays. The communication link can now 
be modelled as 

r«a-(ii-t+n)+w. 

If a direct link between the transmitter and the receiver is utilized, this can 
: also straightforwardly be Incorporated In the matrix formulation by adding 

a row where the entry in A Is set to one and the new row in B Ss the direct 
link channel. 
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The above equation system can be diagonalized, e.g. by using singular 
value decomposition MIMO approach on the matrix a. h > similar to what 
is welt-known in traditional MIMO. However, the matrix formulation In this 
Invontion differs from the classical MIMO system linear equation system 
formulation, which has the form R»H-T+W. For the Invention with SVD 
based MIMO, it means that the transmitter will apply a unitary weight 
matrix U end the receiver multiplies with the Hermltlan of a unitary weight 
matrix V. The dlagonalteatlon allows the receiver to directly receive a 
number of parallel self-Interference MIMO subchannels. 

For a receiver with multiple antennas, as In Figure 3, it may use various 
forms of combining and decoding scheme including any well-known 
method such as MMSE and Single user detection (SUD, multiple user 
detection (MUD) (exemplified by Successive Interference Cancellation or 
parallel Interferences cancellation). The purpose of doing this Is that the 
signal quality can be enhanced in the receiver for decoding. 

3.1.3 General issues 

So far In the invention description, the Issue on antenna design has not 
been discussed. In the general case, omnidirectional antennas may do 
at the relays. However it may be beneficial to used directional antennas 
that can be directed towards a selected basestation. Given directional 
antennas, It is evident that this may Implemented In many ways, including 
fixed bearnformlng, or adaptive antennas. For the adaptive antenna case, 
the boamforming may be accomplished for downlink from the BS solely 
by the relay by setting its receive antenna weights to maximize carrier to 
interference ratio, preferably also suppressing undesirable interference. 

For relays with multiple antennas, they may use various forms of 
combining and decoding scheme including any well-known method such 
as MMSE and Single user detection (SUD, multiple user detection (MUD) 
(exemplified by Successive Interference Cancellation or parallel 
Interferences cancellation). The purpose of doing this Is that the signal 
quality can bo enhanced In the relay prior forwarding the signal. 

A particular interesting case for the relay channels Is to use the largo 
bandwidth offered by unlicensed frequency bands. This is particularly 
beneficial when considering the MIMO scenario. 

To enhance the capacity offered by a basestatfon, the basestation (or BS 
site) may be support multiple sectors. Each sector will then according to 
the invention use different relays. 

: The Invention Is not limited to any particular modulation scheme, 

Multicarrier modulation schemes, such as Orthogonal Frequency Division 

: Multiple Access (OFDM) may also be used. This means that one part of 

the spectrum (i.e. sonme OFDM subcarrlers) are used for one user and 
another part of the spectrum for another user. This may be generalized to 
multiple users. 
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Although the discussion has been focused on downlink In a cellular 
system, Ihe same Idea may used for UL In an analogous manner. The 
relay should preferably only send when the SNR exceeds a minimum 
threshold level, or else they will send signals with low SNRs. The relay 
power for UL operation Is also set differently; It is set such that 
transmissions reach the intended receiver such as a Basestation with a 
desired signal quality, The relay coverage overlapping, as discussed up 
to now, does now not regard transmission, but rather reception* The 
channel allocation can be the same as for the transmission. The 
transmitting MS, may also invoke different transmit power on different 
channels, This can be controlled by providing feedback from the BS (i.e. 
the receiver) based on the link quality. The scenario with a transmitter 
with a single antenna and sending over the different relay channels is 
shown in Figure 10. Also more complicated scenarios, similar to Figure 3, 
with multiple antennas at the transmitter and the relays can be 
envisioned. Moreover, analogous to Figure 4, multiple transmitters 
sending data to a single BS is possible. 



Channel \ 




Channel <j 
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Figure 10 

3.2 Advantages of the Invention 

The performance benefits that characterize cooperative relaying methods 
are achieved while removing the control complexity between relays and 
the mobile station, it is also straightforward to Implement MlMO with only 
one antenna In the mobile station, but with very low overall system 
complexity. Alternatively, instead of MlMO, receive diversity may be 
: implemented. 

^ It is also possible to have adjacent users in the downlink, using the 6ame 

*; relays, and adapt transmissions to one or more users by employing 

feedback to the BS. The same is true for the reverse, I.e. in UL. Then 
multiple users can share and send Information passing through the same 
relay. The separations between multiple users is done by spatial signal 
f processing in tho receiving BS employing multiple antennas. In particular 

j can opportunistic communication, i.e. selecting users or user MlMO 

substreams based on instantanpus carrier to Interference conditions, be 
offered together with the benefits offered "by relaying. 



30-DEC-03 TUE 15:05 



4 

4.1 

4.1-1 



DR LUDWIG BRANN PAT & 

018 568939 
lb 



FAX NO. 018 568939 



P. 18 



Ink. t Patent- och reg.verket 
2003 "I*" 3 0 

Huvudfoxen Kosson 



Details on cooperative relying 
Cooperative relaying background 
Cooperative Communication Topologies 

One may divide the various cooperation schemes based on who has data 
to send, to whom and who cooperates. A number of topologies reflecting 
this division has been devised within the area of information theoiy, see 
11] and even better, [16] page 37-39, 41-44. 

The topologies ahown below, and discussed subsequently, shows where 
traffic is , generated, who is the receiver and the path for radio 
transmissions. 



i0 Classical Kelny channel 

Cm 



a =OTJu«=^2!fe* >(rx| 



v) Multiple hoccsS cUannc] wllh relaying 

rX J "Zf^T Af:.«^_ 




b) Parallel relay channel 




A) Broadcast channel with relaying 



c) Inter fisreuce channel wlih relaying j) Vinual antenna relay channel 

» Ooia nanffer palb 

Figure 11 Cooperation topologies with relaying 
Classical Relay Channel 

The classical relay channel consists of a source that wishes to 
communicate with a destination through the use of relays, see Figure 1 1 
and topology a). The relay receives the signal transmitted by the source 
through a noisy channel, processes it and forwards it to. the destination. 
The destination observes a superposition of the source and the relay 
transmission. The relay does not have any information to send; hence the 
goal of the relay is to maximize the total rate of information flow from the 
source to the destination. The relay channel has been studied in [1], [4] 
and In [1 1] where receiver diversity was Incorporated in the latter. 
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Parallel relay channel 

In wireless systems employing repeaters (such as cellular basestation 
with supporting repeaters) with overlapping coverage, a receiver may 
benefit of using super-positioned signals received from multiple repeaters, 
see Figure 11 and topology b). This Is something that happens 
automatically In systems when repeaters are located closely. Recently, 
Information theoretical studies have addressed this case. 
In [54] and (55] t Schein has performed information theoretical study on a 
cooperation-oriented network with four nodes, i.e. with one transmitter, 
one receiver and only two Intermediately relays. 

In [47], Hunter briefly discusses the same topology as the parallel relay 
channel, but over arbitrary number of hops, and then calls it "Multirouto 
diversity. He discards it as Inferior to multihop diversity (the classical 
retoy channel with receive combining in each relay), and does not 
investigate this topology any. further. 

In 171], Gastpar denotes the parallel relay channel for The multiple-relay 
channel", and indicates that relays can be "pooled" either closely around 
the source, around the destination or both. No methods how to 
accomplish this is given. 

In {171, Lanoman perform an Information theoretical study, based on 
random coding arguments, of the parallel relay channel topology (but 
calls it "Space time coded cooperative diversity* 1 ). Each relay receives and 
decodes a signal prior coding with a suitable space-time code. 

Multiple-access Channel with Relaying 

(a Jca. as Multiple access channels with generalized feedback) 

This concept has been investigated by several researchers lately and is 
represented by topology c) In Figure 11. The Idea Is that two users 
cooperate, he, exchange the information each wants to transmit, and 
subsequently each user sends not just its own information but also the 
other users information to one receiver. The benefit In doing so is that 
cooperation provides diversity gain. There are essentially two schemes 
that have been investigated; cooperative diversity and coded cooperative 
diversity. Those studies are primarily found in [5HS3]. With respect to 
diversity, various ideas has been suggested, such as Alamoutj diversity, 
receiver diversity, coherent combining based diversity, rate compatible 
puncture code (RCPC) coded transmissions. 

Broadcast Channel with Relaying 

The broadcast channel with relaying, topology d) In Figure 11, ts 
essentially the reverse of topology c), and is therefore not addressed 
Individually any further. 

Interference Channel with Relaying 

The interference channel with relaying Is an extension of topology c) in 
Figure 11, to two receivers. This has e.g. been studied in [AO], [41], but 
without cooperation between the receivers. 
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A slightly different Idea from above, shown In Figure 1 1 topology f), Is 
presented in [63H68J and partly also in [70]. In this concept, (significant) 
bandwidth expansion between a communicating station and adjacent 
relay nodes is assumed, and hence non-interfering signals can be 
transferred that retain phase and amplitude Information. With this 
architecture, MiMO communication (but also other space-time coding 
methods) is enabled with a single antenna receiver. The topology may 
equivaiently be used for transmission. 

4.1.2 Cooperative communication signal processing strategies 

It la clear that various signal-processing strategies can be Implemented in 
above topologies and has also been done. It Is apparently often hard to 
separate the topology form the signal processing and communication 
scheme, but the following represent one approach. 

Classical relay channel & parallel relay channel 

Basic repeater; This Is a traditional non-regenerative repeater without any 
kind of intelligence. 

g.t^^al^iejay__cha-nne l & partial parallel relay channel . Selection 
diygrsityiJn this scheme, a single relay Is selected on a dynamic basts, 
either based on Instantaneous or average channel conditions. 

(Parallel relay cha nnel). Relay induced transmit diversity: Relay stations 
may uao nonnregenerative or regenerative relaying. They may have 
rudimentary knowledge of the radio channel to the transmitter and 
receivers or precise Information. The relays are assumed to be able to 
perform rudimentary signal processing operation (apart from possible 
decoding). Operations may Include, shifting, delaying, complex 
conjugating, even coding may be Included, A characteristic of those 
signal processing schemes are that they have to be able to operate In a 
single channel from relay to receiver. Within this scheme, Alamoutl 
diversity, other STC based schemes, delay diversity, delay diversity and 
coherent combining diversity can be incorporated. 

VtektaLAnte nna Array Channel: MuW sensor processing: This scheme 
assumes orthogonal channels between the relays and the receiver and 
hence allow any signal processing scheme and communication scheme 
involving multiple sensor information. Examples of this Include any of the 
traditional MIMO schemes, but also those that include aspects of 
Interference rejection. 

. : Mote that the relays do not receive instruction to receive and relay data, 

they simply act as repeaters independent from single mobiles mobile 
users and their sessions. 

s References 

* 

\ IU D. Gesbert, M, Shafi, D. Shiu, P. Smith, " From theory to practice: An 

: overview of space-time coded MIMO wireless systems IEEE Journal on 

Selected Areas on Communications (JSAC). April 2003, special issue on 

MIMO systems 



30-DEC-03 TUE 15:07 



DR LUDWIG BRANN PAT HH 
018 568939 



FAX NCX 018 56B939 



Ink. t. Patent- och rea'verket 
2003 "I*" 3 0 



Huvudfaxen Kossan 

Pfl. A.Goldsmith, S. A. Jafar, N- Jindat, S. Vlshwanath, "Capacity Unite of 

MIMO", Channels IEEE Journal on Selected Areas In Communications, June 
2003. 



13]. T.M. Cover and A.A. El Gamal, "Capacity theorems for the relay channel;' 

IE12E Trans. Inform. Theory, vol. 26, no. 6, pp. 572-684, Sept. 1979. 
[A]. E. V. D, Meulen, "Three-terminal communication channels," Advances In 

Applied Prota- ability, vol 3, pp. 120 154, 1971. 
CoqpgratjVQ plve rsitv: Sendo n aris. Erklp. Aazhan g 

[6). A. Senclonarls, E, Erkip, 3, Aazhang, "Increasing CDMA Coll Capacity via In- 

Cell User Cooperation", Department of Electrical and Computer Engineering, 

Rice University, Poster Titles, November 11, 1897- 
[6). A. Sendonaris, E, Erklp, B. Aazhang, "Increasing uplink capacity via user 

cooperation diversity", In Proc. IEEE Symposium on Information Theory, pp. 

156, Cambridge, MA, USA, (August, 1998). 
I*/]. SendonarJs, Advanced Techniques for Next-Generation Wireless Systems, 

Ph.D. Thesis, (August, 1099), 
[81. A. Sendonaris, E. erkip, B. Aazhang, User Cooperation Diversity-Pait I: 

System Description, IEEE Transactions on Communications, (Accepted, 

2002). 

[9], A. Sendonaris, E. Erkip, B. Aazhang, User Cooperation Diversity-Part II: 
Implementation Aspects and Performance Analysis, IEEE Transactions on 
Communications, (Accepted, 2002). 

Coq^eralt vtejf^y ersltv: Lanem an. WomelL Tse 

[10]. J. N. Laneman end O t W. Wornell, "Distributed Spatial Diversity Techniques 
for Improving the Performance of Mobile Ad-Hoc Networks," In Proo. ofARL 
FedLab Symposium on Advanced Telecommunications and Information 
Distribution (ATIRP-20QO), (College Park, MD) ( March 2000. <Raport> 

1111- J. N. Laneman and G. W. Wornell, "Energy-Efficient Antenna-Sharing and 
Relaying for Wireless Networks," in Proo. IEEE Wireless Communications 
end Networking Conference (yyCNO2Q00), (Chicago, IL). September 2000. 

[1?.]. J. N. Laneman and G. W. Wornell, "Exploiting Distributed Spatial Diversity in 
Wireless Networks," in Proo. Allerton Cont Commun., Co/rtr., and Computing, 
(U/bana-Champal0n, IL), October 2000, 

[13}. J. N. I aneman and G. W. Wornell, "An Efficient Protocol for Realizing 

Distributed Spatial Diversity in Wireless Ad-Hoc Networks," in Proc. ofARL 
FedLeb Symposium on Advanced Telecommunications and information 
Distribution (ATIRP-2001), (College Park, MD), March 2001. <Report> 

I14J* J, N. Laneman, G, W. Wornell, and D. N. C. Tse, "An Efficient Protocol for 
Realizing Cooperative Diversity in Wireless Networks," in Proo. int. Symp. 
Inform. Theory (ISIT-2001), (Washington, DC), June 2001 . 

1161. J, N. Laneman. D. N. C. Tse, and G, W. Wornell, "Cooperative Diversity in 
Wireless Networks: Efficient Protocols and Outage Behaviour", IEEE Trans, 
inform. Tiioory. January 2002. <submitted> 

paj. J. N. Laneman, Cooperative Diversity in Wireless Networtts: Algorithms and 
Architectures, Ph.D. Thesis, Massachusetts Institute of Technology, 
Cambridge, MA, August 2002* <Thesis> 

[171- J« N. Laneman and G. W. Wornell, "Distributed Space-Time Ceded Protocols 
for Exploiting Cooperative Diversity In Wireless Networks", In Proc. I£EE 
Global Communications Conference (QLOBECOM-2002), (Taipei, Taiwan), 
November 2002. 

C9^rati^,odln9LS^r^ frkjp, UiL 

[1 8]. A- Stefanov and E.ErMp, "Cooperative Information Transmission in Wireless 
Networks," Proceedings of 2nd IEEE Asian-European Workshop on Concepts 
In Information Theory, pp. 90-93, Brelsaoh, Germany, Juno 2002. 



Re!3Y.PiL^9jLCq^ 




30-DEC-03 TUE 15:08 DR LUDWIG BRANN PAT * FAX NO. 018 568939 P oo 

018 568939 Ink. t Patent- och reg.vefkeT 

2003 ~rtr 3 0 
Huvudfoxen Kosson 

[19]. A. Stefanov and E.Erklp, "Cooperative Coding for Wireless Networks," 
Proceedings of 4th IEEE Conference on Mobile and Wireless 
Communications Networks, pp. 273-277, Stockholm! Sweden, September 
2002. 

120). A. Stefanov and E.Erklp, "On the Performance Analysis of Cooperative 

Space-Time Coded Systems", proceedings of IEEE Wireless 

Communications and Networking Conference (WCNC), New Orleans. 

Louisiana, March 2003. 
pi], A. §tofanov and CErklp, Cooperative Coding Theory and Applications- To be 

presented at the 32nd Annual IEEE Communication Theory Workshop 

(Invited talk), Mesa, Arizona, April 2003. 
[22]. A. Stefanov and E.ErkIp. Cooperative Space-Time Coding for Wireless 

Networks. To appear Proceedings of IEEE Information Theory Workshop, La 

Sorbonne, Paris. France, April 2003. 
[23]. E. ErWp, Brooklyn Polytechnic University, "Cooperative Communications in 

Wireless Systems" DJMACS Workshop on Network Information Theory, 

March 17-19, 2003. 

http;//cm.belMabs,com/cm/ms/cvent$/NlT03/pres/erklp.pdf <presentation> 
pM]. A. Stefanov and E.Erklp. "Cooperative Coding for Wireless Networks". 
http:/Awlretess.poly.edu/ppt/efea.ppt <preeentatlon> 

{25]. Z. Lin, E. Erklp and A. Stefanov , "Cooperative regions for coded mobile 

systems". Submitted to 2003 international Symposium on Information Theory, 
Yokohoma , Japan. 

£p6RerjBvdeJSgdinq: flunfor, Nosratinja 

[26]. T. Hunter and A. Nosratinta, "Cooperation Diversity through coding/ 1 Proc. 
International Symposium on Information Theory, 2002. 

127J T. Hunter and A. Nosratinla, Coded Cooperation under slow fading, fast 

fading, and power control," Asilomar Conference on Signals, Systems, and 

Computers, November 2002, 
[28]. T.E. Hunter and A. Nosratlnia, Performance analysis of coded cooperation 

diversity , H International Conference on Communications, May 11-15, 

Anchorage, Alaska. 2003 % <accepted> 

[29}. T. E. Hunter and A. Nosratinla, •'Space-time diversity through coded 

cooperation; 1 submitted to IEEE Transactions on Information Theory. <Not 
published or available yet> 

[30], T.E. Hunter, tt User cooperation In wireless systems", February 15, 2002. 
tittp:y/www.utdalIas.edu/-thunter/MCLtodd15022002.pdf , <PresentatIon> 

[31]. M. O. Hasna and M. -S, Afoulni, "End-to-end performance analysts of two-hop 
relayed transmissions over Raylefgh fading channels". Proceedings IEEE 
Vehicular Technology Conference (VTC Fair2002), Vancouver, British 
Columbia, Cenada, September 2002. Journal version to appear in IEEE 
Trans Wireless Communications. 
[32]. M. O. Hasna and M. -5. Aloulni, "Outage probability of multi-hop transmission 
: over Nakagaml fading channels," Proceedings IEEE international Symposium 

^ on Advances in Wireless Communications (ISWC'2002), pp. 207-208, 

; Victoria, British Columbia, Canada, September 2002. 

[33], M. O. Hasna and M. -S. Aloulni, "Application of the harmonic moan statistics 
to the endto- end performance of transmission systems with relays,* 
Proceedings IEEE Global Communications Conference (GLOBECOM'2002), 
Taipei, Taiwan, November 2002. 
» [34]. htlp:/Avww.teIe.ntnu,no/projects/beats/Documents/AlouinLokt10.pdf 

[35], M. O. Hasna and M. -S, Atouinl, ^Endrto-end performance of transmission 
systems with relays over Rayielgh fading channels," Submitted to IEEE 
Transactions on Wireless Communications 2003. 



-DEC-03 TUE 15.-0B DR LUDWIG MW1 FAX No. 0.8 568939 

018 568939 r * ^ 

zu Wet Patent- och reg.verket 

2003 -1* 3 0 

ffmgiftigrj, ftavoh r Anohel. Leg s HuvwdfciKin Koasan 

[36]. V. Emamian, M. Kaveh, Tower Analysis of a Cooperative Wireless Network", 

September, ISWC'02. 
[37], A. Anghat, G. Leus, and M. Kaveh, "Distributed Space-Time Coding fn 

Cooperative Networks," Proc. of the Nordic Signal Processing Symposium, 

Norway, Octobers, 2002. 

[30]. P. A, Anghel, G. Lous, M. Kaveh, "Multi-User Space-Time Coding In 

Cooperative Networks," in Proc. of lCASSP t Hong-Kong, April 8-10, 2003. 

[39]. B. Zhao and M.C. Valenti, "Cooperative diversity using distributed turbo 
codes," In Proc. Virginia Tech Symp. on Wireless Persona! Commun., 
(Blacksburg. VA), June 2003, to appear.<Not yet available. Will be published 
6 m of June2003> 

[40]. Anders Htfst-Madsen: "On the Capacity of Wireless Relaying," Presented at 

Fall VTC02, Vancouver, Canada. 
[41]. Anders Hflst-Madsen: "On the Capacity of Cooperative Diversity In Stow 

Fading Channels," presented at40* Annual Allerton Conference, Urbana- 

Champaign, Illinois, 2002. 

BL-Pfitf* 

[42], Yung-Szu Tu and Gregory Pottie, "Coherent Cooperative Transmission from 
Multiple Adjacent Antennas To a Distant Stationary Antenna Through AWGN 
Channels", VTC 2002. 

[43]. Yung-Szu Tu and Gregory Pottle, -Coherent Cooperative Transmission From 
Muftipla Adjacent Antennas To a Distant Stationary Antenna - , VTC 2002. 
<Presentation> 

^eiJEaj^ne^ Hashem. Hares, grepg 

[44]. "A Theoretical Characterization of the Multihop Wireless Communications 
Channel* mtp^/www.cce.com/cvvWpapers/final_07_boye. pdf 

[46], J. Boyer, Multihop Wireless Communications Channels, Master's "Diesis 
summer 2001. 

[46]. J. Boyer, D, Falconer, and H. Yanikomeroglu, "A theoretical characterization 
of multihop wireless communications channels without diversity" submitted to 
PIMRC, 2001. 

[47]. J. Boyer, D. Falconer, and H, Yanikomeroglu, "A theoretical characterization 
of the multihop wireless communications channel with diversity", IEEE 
SlrQBECQIitOl, 25-29 November 2001, San Antonio, Texas, USA. " 

[46]. J. Boyer, D. Falconer, and H. Yanikomeroglu, "A characterization of multihop 
wireless communications channels", Proc. the 7th Canadia n Workshop o n 
Jjlteatio^^ 3-6 June 2001 , Vancouver, British C&bia, 

Canada. 1 

[40]. J Boyer, D. Falconer, and H. Yanikomeroglu, "A theoretical characterization 
of tho multihop wireless communications channel without diversity", ihcj2tfe 

CgOHDunJcato September 30 - Octobers, 2001, San Diego, 

USA. 

[50], V. Srong, D. Falconer, and H. Yanikomeroglu, "Capacity enhancement 
trough relaying in cellular radio systems,". <unpublished> 

[61]. John Boyer. Multihop Wireless Communications Channels, Master's thesis, 
Supervisors: Prof. Halim Yanikomeroglu and Prof. David D. Falconer, 
Carfeton University, 2002. 

[G2]. John Boyer, David D, Falconer, and Haiim Yanikomeroglu, "Multihop diversity 
m wireless relaying channels", submitted to JEJBE T ransactions SQ 
CojnrQiiQii^jygns, as a transactions paper, February 2003. 



30-DEC-03 TUE 15:09 DR LUDWIG BRANN PAT rfj FAX NO. 018 568939 p oa 

018 568939 Ink t Patent- och regM 4 

21 

-rz- 3 o 

Huvudfaxon Kossan 
[53). Shoaev Hares, Hallm Yanlkomerogtu, and Bassam Hashem, "Multlhop 
relaying with diversity in peer-to-peer networks", submitted to IE,E=E 
GLOBSCOM 2003, 1-5 December 2003, San Francisco, CA, USA. 

154]. B. Scheln and R. Gallagher, 'The Gaussian parallel relay network/* in IEEE 
International Symposium on Information Theory ISIT2000, Sorrento, Holy, 
Juno 26-30, 2000. 

[55]. B. Scholn. "Distributed Cpordination in Network Information Theory." PhD 
thesis, pp. 04-68, MIT, Cambridge, MA, August 2001. 

\ Ip pman. Bletsa^ 

156]. A. Btetsas and A. Uppman, "Efficient Collaborative (Viral) Communication In 
OFDM Based WLANs" IEEE/ITS Internationa! Symposium on Advanced 
Radio Technologies (ISART 2003), Institute of Standards and Technology, 
Boulder Colorado, March 4-7, 2003. 

hltp , y/web.medla.rnit.edu/-aggeIos/papers/bietsas Jsart03.pdf 

{57). M. Dohler. J. Domlnguez, H. Aghvami, "Link Capacity Analysis of Virtual 

Antenna Arrays* VTC Fall, Vancouver, Canada, Sept 2002. 
[58], Ml$cha Dohler, et al„ "VAA for hot-spots with applied STC, M-VCE Internal 

Reports I, II, III and IV, 1999-2002. 
(59], M. Dohler, H. Aghvami, 'Virtual Antenna Arrays," internationally filed 28th 

Juno 2002. Patent application 01 1 5-799.9 M, 
[60]. Dohler, H. Aghvami, "Forced Synchronisation/ 1 internationally filed 28th Juno 

2002. Patent application 0115-804.7 
[61 J, M, Dohler, H. Aghvami, "Frequency Relaying/' internationally filed 28th June 

2002. Potent application 011 5-807,0 
[62). Z. Zeng, M. Dohler, H. Aghvami, "System Performance of a W-CDMA based 

Notwork with deployed Virtual Antenna Arrays,* ICT20Q2, June 2002 
[63]. M. Dohler, E. Lefranc, H. Aghvami, "Virtual Antenna Arrays for Future 

Wireless Mobile Communication Systems, 0 ICT20Q2, June 2002 
[G4J. M. Dohler, EE. Lefranc, H. Aghvami, °Space-Time Block Codes for Virtual 

Antenna Arrays," PIMRC 2002, Lisbon, Portugal, September, 2002 
[65}. Mischa Dohler, F. Said, H, Aghvami, "Concept of Virtual Antenna Arrays", 

submitted to IEEE Gtobecom 2002, Taipei, Taiwan, 2002. 
[66). M. Dohler, F. Said, H. Aghvami, "Higher Order Space-Time Block Codes for 

Virlual Antenna Arrays," ICT2003, Tahiti, French Polynesia, February 2003. 

conference CD-ROM 
[G7], M- Dohtar, H. Aghvami, rt A step towards MIMO: Virtual Antenna Arrays, " 

COST 273 TD(03)039, Barcelona, Spain, Jan. 15-17 2003 
(68). Mischo Dohler, J. Dominguez, H. Aghvami, "Link Capacity Analysis of Virtual 

Antenna Arrays*, submitted to IEEE VTC Fail 2002, Victoria, Canada, 2002, 

<rejected?> 

[69]. DOHLER MISCHA (GB); AGHVAMI ABDOL HAMID (GB); SAID FATIN (GB); 
GH0RASHI SEYED AU (GB), patent WO03003672, "IMPROVEMENTS IN 
OR RELATING TO ELECTRONIC DATA COMMUNICATION SYSTEMS" 
Priority date 28/6 2001. 
Ifre mul»D|o relay d^nn el: Kumar. Gupta. Gastoar. Krame r 
[70]. P. Gupta and P. R. Kumar, Towards an information theory of large networks: 
An achievable rate region/' IEEE international Symposium on Information 
Theory ISIT2001, Washington D.C., June 2001 
[7% M, Gastpar, G. Kramer and P. Gupta. The multiple-relay channel: Coding and 
antenna-clustering capacity. In Proc IEEE In t Symp Info Theory 2002, 
Lausanne, Switzerland, July 2002. 



15:09 



DR LUDWIG BRfiNN PAT M3 
018 568939 
22 



FAX NO. 018 568939 



P. 25 



Inlet Patent- och req.vertet 

7nns -12-3 o 




[721. M. Gastpar, 6. Kramer, and P. Gupta, "The multiple-relay channel: cocHnjj 
and asymptotic capacity," , Proc. 2002 IEEE Int Symp. Inform. Theory, 
(Lausanne, Switzerland), p. 136, June 30-July 5, 2002. 

XrapginiLBlyepaiiy, jafiib cohgrent combining 

[73J. G. W. Wornell, V. Poor, "Wireless Communications: Signal Processing 
Perspectives (ProntJce Hall Signal Processing Series) Prentice Hall: 1st 
edition (April 1908). 



30-DEC-03 TUE 15:10 DR LUDWIG BRANN PAT & FAX HQ. 018 568939 p 

018 5 2 6 3 8939 Ink. t Patent- och req^rket ' 

2003 -Wr 3 0 

Huvudfaxen Kassan 

CLAIMS; 

1 . A system for wireless communication adapted for relaying, said system comprising of at 
least two relay stations characterised in that substantially orthogonal resources overtop in 
space 

2. The syutcm according to olaim 1, wherein relays arrange the substantially orthogonal 
resources in aseir-organbJng manner. 

3. The system according to claim 1, wherein substantially orthogonal resources arc arranged 
manually. 

4. Thu system according to claim 1 1 wherein the substantially orthogonal resources arc any 
combination of nt least selection of channel, phase, delay and other encoding parameters. 

5. The system according to claim 4, wherein the substantially orthogonal resources for 1>L 
also include signal gain factor parameters. 

Ch The system according 1o claim 1, wherein a MS makes soft internal association with at 
least on relay and receives tho at lest one substantially orthogonal resource, 

7. The system according to claim 6, wherein the MS uses the at lest one substantially 
ort hogonal resource and feedback quality indication to the BS. 

8. The system according to claim 7, wherein the BS respond on the feedback quality 
indication and adjust transmit parameters to fulfil communication objectives. 

9. The system according to claim S> wherein antenna weights arc adjusted. 

10. The system according to claim 1, wherein the relays uses a wireless communication 
protocol for self-organization. 

• » 

: *M, The system according to claim 4, wherein the substantially orthogonal resources uses long 

: term communication feedback for parameters setting, 

42. The system acoordiog 1o claim 8, wherein the BS respond on the feedback quality 

] I ; indication and select a set of usem and transmit parameters optimizing an objective function 

* I m representing the communication performance. 

A method system for deploying relaying in a wireless system, said system comprising of at 
' ] : le:u^l two relay stations, the method characterised in that substantially orthogonal resources 
an? arranged to overlap in space 
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The method according to claim 13 > wherein relays arrange the substantially orthogonal 
resources in a self-organizing maanor. 

The method according to claim 13, wherein substantially orthogonal resources arc atranged 
manually. 

The method according to claim 1 3, wherein the substantially orthogonal resources are any 
combination oFat least selection of channel, phase, delay and other encoding parameters. 

The method according to claim 16, wherein the substantially orthogonal resources for DL 
also include signal gain factor parameters* 

The method according to claim 13, wherein a MS makes soft internal association with at 
least on relay and receives the at lest one substantially orthogonal resource. 

The method according to claim 18, wherein the MS uses the at lest one substantially 
orthogonal resource ;uid feedback quality indication to the BS, 

The method according to cjaim 19, wherein the BS respond on the feedback quality 
Indication and adjust transmit parameters to fulfil communication objectives. 

The method according to claim 19, wherein antenna weights ore adjusted. 

The method according to claim 13, wherein the relays uses a wireless communication 
protocol for sclf-organb-alion. 

'] he method according to claim 1 6, wherein the substantially orthogonal resowecs uses 
long term communication feedback for parameters setting. 

Ihc method according to claim 20, wherein the BS respond on the feedback quality 
Indication and select a set of users and transmit parameters optimizing an ottfeclivc function 
represent ing the communication performance. 
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